Background: Insulin-like growth factor-2 messenger RNA-binding protein 3 (IGF2BP3 or IMP3) is an oncofetal protein that is expressed in various cancer types, and its expression is often associated with poor prognosis. IGF2BP3 expression has not been fully settled in vascular lesions. Methods: We evaluated the expression of IGF2BP3 in malignant (angiosarcoma and epithelioid hemangioendothelioma [EHE]) and benign (hemangioma, granulation tissue cappilaries, and pyogenic granuloma) vascular lesions using immunohistochemistry. IGF2BP3 expression was scored as negative (0% of endothelial/neoplastic cells), equivocal (1-25%), or positive (> 26%). Results: Eight of 30 (26.7%) cases of angiosarcoma and two of five (40%) cases of epithelioid hemangioendothelioma were positive for IGF2BP3. In contrast, hemangiomas (10 cases) and granulation tissue capillaries (12 cases) were all negative for IGF2BP3, and some cases of pyogenic granuloma (six of 14 cases) was scored as equivocal. In angiosarcoma, IGF2BP3 expression was independent of age, gender, location, morphological pattern, prognosis, presence of metastatic foci, and PD-L1 expression. Conclusions: IGF2BP3 is a useful marker to distinguish between malignant and benign vascular lesions.
Introduction
IGF2BP3 is an oncofetal protein that is highly expressed in fetal tissue and gonads but is rarely found in other adult benign tissues [1] . IGF2BP3 is expressed in a variety of carcinomas and sarcomas [2] [3] [4] [5] [6] [7] [8] . Among sarcomas, leiomyosarcoma and chondrosarcoma express IGF2BP3, whereas their benign counterparts, leiomyoma and chondroma, are negative [3, 5] . One previous report showed that two of five cases (40%) of angiosarcoma were positive for IGF2BP3 in tissue microarray samples [8] .
Angiosarcoma is a malignant tumor of vascular endothelial origin and is associated with poor prognosis [9] . The tumor cells are immunohistochemically positive for vascular markers such as CD31, CD34, ERG, and podoplanin [10] . Surgery is the most common approach to treat angiosarcoma, and achieving surgically negative margins improves prognosis [11, 12] . Therefore, accurate evaluation of surgical margins is essential for management of cutaneous angiosarcoma patients. However, it is sometimes difficult to evaluate the surgical margins because there is no immunohistochemical marker to distinguish malignant vasoformative cells from reactive capillary vessels. The aim of this study was to determine whether insulin-like growth factor-2 mRNA binding protein 3 (IGF2BP3 or IMP3) could be such a marker. Here, we examined 30 cases of angiosarcoma to determine whether IGF2BP3 could be a useful diagnostic marker by comparing its expression in various types of vascular lesions.
Materials and methods

Pathological specimens
We selected all the examined cases which had been fixed in 4% neutral buffered formalin for 12-72 h at room temperature and embedded in paraffin for this study. All selected cases were diagnosed between 2010 and 2019. Under this condition, 30 cases of angiosarcoma and five cases of epithelioid hemangioendothelioma (EHE) were identified in the diagnostic database of Kyoto University Hospital. For comparison, benign vascular lesions (10 The degree of IGF2BP3 staining was scored, according to the proportion of the staining and regardless of the intensity of the staining as follows: negative (0% positive among endothelial/neoplastic cells), equivocal (1-25% positive), and positive (> 26%). PD-L1 staining was defined as positive if > 5% of membranous expression was observed at the tumor site, as reported previously [13] .
Statistical analysis
Differences between groups were examined for statistical significance using Student's t-test or Chi-squared test (Microsoft Excel, Redmond, WA, USA). A P value less than 0.05 indicated statistical significance.
Results
Expression of IGF2BP3 in angiosarcoma
IGF2BP3 staining was positive in eight of 30 angiosarcoma cases (26.6%; Table 1a and Fig. 1 ). Most cases (n = 17, 56.6%) were scored as equivocal (Table 1a and Fig. 1 ). Completely negative staining was seen in five cases (16.6%; Table 1a and Fig. 1 ). There was no difference in clinical parameters (age, gender, location, morphological classification, presence of metastatic foci, and local recurrence) between IGF2BP3-positive andequivocal /-negative cases ( Table 2) .
Next, we assessed the association between IGF2BP3 expression and PD-L1 expression, which is a positive prognostic marker for angiosarcoma [13] . Among IGF2BP3positive cases of angiosarcoma, two cases (25.0%) were PD-L1-negative and six (75.0%) were PD-L1-positive. Among negative or equivocal cases, one was a consultation from another hospital and no extra glass slide was available for PD-L1 analysis. Therefore, we assessed 21 angiosarcoma cases scored as negative or equivocal; four cases (19.0%) were PD-L1-negative and 17 (81.0%) were PD-L1-positive. Again, there was no statistical association between IGF2BP3 expression and PD-L1 expression among the angiosarcoma cases ( Table 2) .
Expression of IGF2BP3 in epithelioid hemangioendothelioma (EHE)
Two of five (40%) cases of EHE were scored as positive for IGF2BP3 (Table 1b and Fig. 2 ). The remaining cases were equivocal (n = 2) or negative (n = 1) (Table 1b and Fig. 2 ).
Expression of IGF2BP3 in benign vascular lesions
No benign vascular lesion (n = 36) was scored as positive (Tables 1ce and Fig. 3 ). Ten hemangioma cases and 14 granulation tissues showed completely negative staining (Tables 1c and e and Fig. 3 ). In contrast, six of 14 cases of pyogenic granuloma (42.9%) were scored as equivocal (Table 1d and Fig. 3 ).
Discussion
IGF2BP3 (IMP3) is expected to be a marker to distinguish between malignant and benign lesions [2] [3] [4] [5] [6] [7] [8] . Here, we examined whether IGF2BP3 could distinguish between malignant and benign vascular lesions. We found eight of 30 angiosarcoma cases were positive for IGF2BP3, compatible with the previous study showing two of five cases of angiosarcoma were positive for IGF2BP3 in tissue microarray samples (26.7% vs 40.0%, p = 0.54) [8] . In addition, two of five (40%) cases of EHE were positive for IGF2BP3. In contrast to angiosarcoma and EHE, benign vascular lesions were all negative or equivocal for IGF2BP3. These results seem to show that IGF2BP3-positive vascular lesions are malignant, therefore the presence of IGF2BP3-positive vasoformative cells on the surgical margins of angiosarcoma and EHE should be judged as "margin positive", and the followed additional resection. However, the utility of IGF2BP3 staining would be limited, because the majority of angiosarcoma and EHE cases are negative or equivocal for IGF2BP3.
The current study shows that benign vascular lesions, including hemangioma and granulation tissue, were negative for IGF2BP3. Surprisingly, some pyogenic granuloma samples were equivocal for IGF2BP3. Recently, pyogenic granuloma samples were reported to harbor BRAF and RAS mutations, suggesting that this may be a vascular tumor [14] . IGF2BP3-positive pyogenic granuloma might be associated with the presence of such mutations. IGF2BP3-equivocal stains were also observed in angiosarcoma (17 of 30 cases, 56.7%) and EHE (two of five cases, 40.0%). Further study will be necessary to determine the significance of the equivocal staining.
Here, we found that low proportions (< 3%) of nonneoplastic vascular cells, including benign vascular lesions, stained positive for IGF2BP3 (data not shown). IGF2BP3 is expressed in both malignant cells and nonneoplastic adult tissues such as germinal centers of lymphoid tissue [15] . In addition, IGF2BP3 expression is correlated with the aggressiveness or proliferative phenotypes of lymphoma [15] [16] [17] [18] . IGF2BP3 is expressed in actively proliferating cells, whether neoplastic or nonneoplastic. In the current study, the proportion of IGF2BP3-positive cells was higher in neoplastic cells than in non-neoplastic lesions. To utilize IGF2BP3 staining as a marker for malignancy, the proportion of IGF2BP3 positivity in the examined lesions should be evaluated.
IGF2BP3 plays important roles in the RNA stabilization and translation of certain genes, including matrix metalloprotease (MMP)-9, high mobility group AT-hook 2 (HMGA2), and CD44 [19] [20] [21] . MMP9 and HMGA2 are associated with cell invasion and migration. IGF2BP3 promotes trophoblast invasion and migration via MMP9 mRNA stabilization and translation [19] , and melanoma invasion and migration via HMGA2 mRNA stabilization and translation [20] . IGF2BP3 might promote angiosarcoma or EHE cell invasion and migration via the same mechanisms. CD44 is a cancer stem cell marker whose expression is correlated with pathogenesis in vascular tumors [21] . IGF2BP3 might also be correlated with the pathogenesis of vascular tumors via CD44 mRNA stabilization and translation.
Conclusion
IGF2BP3 is a unique marker, indicating the vascular lesions as malignant when endothelial/neoplastic cells show positive by immunohistochemistry. We confirmed that most adult tissues were negative for IGF2BP3 and some actively proliferating vascular cells show equivocal expression. Further study will be necessary to determine the significance of the equivocal staining. Although sensitivity is not always high, IGF2BP3 can be a supplemental marker to recognize tumor cells in small biopsy specimens or tumor cut end for malignant vascular neoplasm.
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